polysaccharide, which was associated with cellular growth. By incubating the cultivated cells in a glucose-free medium, the endogenous oxygen uptake activity was decreased with a decrease of intracellular polysaccharide.
Therefore it was postulated that the high endogenous oxygen uptake activity of Bifidobacterium was owing to the metabolism of intracellular polysaccharide. The enzymatic activity, which was involved in the mechanism of oxygen uptake, was also investigated.
Bifidobacterium is a dominant bacterium in the intestinal micro flora of humans and animals, and is significant for the health of the host. Therefore, Bifidobacterium has been used in dairy products,1>2) foods, and livestock feeds to supply numerous viable probiotic cells to the intestine.
However, due to the strict anaerobicity of Bifidobacterium species, oxygen adversely affects the growth or viability of Bifidobacterium. In some cases, the environment in the food or feed products was lethal for Bifidobacterium. Studies on the mechanism of susceptibility of Bifidobacterium to oxygen are required so as to minimize the influence of oxygen in processing foods or feeds containing Bifidobacterium. De Vreis3) estimated the oxygen sensitivity of the extensive Bifidobacterial species by measuring the extent of growth inhibition at the surface of a semisolid culture mediumin the test tube, or by comparing the growths when the incubation was shifted from anaerobic to aerobic conditions. Uesugi4'5) also classified manygenera of anaerobic bacteria, including Bifidobacterium, depending on their oxygen sensitivity, which was measured by 2869 comparing the growth in sealed fermentor vessels containing oxygen at various concentrations. De Vreis and Uesugi studied the correlation between the oxygen sensitivity and the enzyme activities relating to oxygen metabolism of Bifidobacterium. However, no difmite relationship has been obtained yet.
In this study, we measured the oxygen uptake activity of Bifidobacterium to study the behavior of Bifidobacterium toward oxygen, and observed a notable correlation between the endogenous oxygen uptake activity and the intracellular polysaccharide accumulation that was associated with the growth of the Bifldobacterial cell. The enzymatic activity, which was involved in the mechanism of oxygen uptake, was also investigated. Inc.). Acid hydrolysis of the cell-free extract was done with 2n H2SO4at 100°C for 2hr, and enzymatic hydrolysis was done with amyloglucosidase (Sigma, EC 3.2.1.3, 37 units/mg) at a concentration of2 mg/ml at 37°C for 2hr in 0.04m acetate buffer (pH 4.5).
4. Oxygenuptake in the cellandmeasurement ofoxidase activities. Oxygen uptake in the cell was measured by the Warburg manometer. To 0.5 ml of phosphate buffer (pH 7.0) in the main compartment of the Warburg cuvette, 0.5ml of bacterial cell suspension was added. In the sub and side compartments of the cuvette, 0.2ml of 5m KOH and 0.5 ml of substrate solution were placed, respectively. After equilibrating the temperature at 37°C, the substrate solution was added and the exogenousoxygen absorption was measured manometrically. To estimate the endogenous oxygen uptake, water was used instead of substrate solution.
Oxidase activity in the cell-free extract was estimated by a modification of the method used for measurement of oxygenuptake of the cell. The cell-free extract was used instead of the cell suspension and substrates such as sodium pyruvate (10 mM), DL-malate (10 him), DL-alanine (10 mM) or NADH (5mM) was used. For the test of oxidase inhibition, the addition of sodium cyanide (1 mM), CuSO4
(1 mM), or /7-chloromercuribenzoate (PCMB, 0.1 mM) to the reaction mixture was madeat the onset of reaction.
Results and Discussion 1. Activity of oxygen uptake in the bacterial cells The oxygen uptake activities of the Bifidobacterial cells are shown in Table I Table II . While all strains tested here had slightly lower activity with fructose than with glucose and lactose as substrate, the exogenous oxygen uptake seemed not to vary irrespective of the monosaccharide species. This indicates that oxygen is taken up whena metabolizable sugar is present. Some metabolites derived from monosaccharide may act as direct substrates for terminal oxygen reduction.
Endogenous oxygen uptake of Bifidobacterium during the incubation in the absence of the metabolizable energy sources was studied (Tables I, II) . The endogenous oxygen uptake was markedly higher especially in cells cultured for 15hr. About 74-83% of the exogenousoxygenuptake activity wasretained when the cells of two B. longum strains were incubated in the absence of the energy sources (Tables I, II) . This endogenous oxygen uptake of Bifidobacterium is obviously higher than those of two Lactobacillus species, which was less than 1%of the exogenous oxygenuptake activity. The experimental results, showing that endogenous oxygen uptake by the cells after incubating for 15 hr was higher than those after Warburg manometer (same conditions as in Table I ).
incubating for 8hr, and that the ratio of endogenous to exogenous oxygen uptake activity is higher in 15hr' cultivated cells (38.8-82.9%) than those of8 hr (0-34.8%), was also noted (Table I) . It has observed that the endogenous oxygen uptake by some bacteria or cultured animal cells often decreased as cell washing was repeated.8) However, as shown in Table III (Table   IV) . Therefore these results are also compatible with the hypothesis that the accumulated polysaccharide supplies the energy for the endogenous oxygen uptake in Bifidobacterium. Washed cells were resuspended in the carbon-free mediumand incubated at 37°C. The oxygen uptake activity and polysaccharide were measured in both cells before and after incubation. TwoLactobacillus of which the intracellular polysaccharide was very low had only limited endogenous oxygen uptake (Tables I, IV) .
To clarify the significance of intracellular polysaccharide in the endogenous oxygen uptake, the correlation of consumption of polysaccharide with the oxygen uptake activity was analyzed. The washed cells of each strain were resuspended in glucose-free culture mediumof the same composition and then incubated at 37°C for 4 to 8hr. As shown in NADHoxidase.21 '22) This indicated that the NADH oxidase operated in the mechanismof oxygen uptake as the terminal oxygen oxidoreductase in Bifidobacterium.
E. coli and many other microorganisms accumulate glycogen in their cells. From our observation that the cells of every thested Bifidobacterial strain accumulated considerable amounts of polysaccharide, polysaccharide accumulation also seemed to be a commonfeature of the genus Bifidobacterium. The reason why Bifidobacterium accumulates polysaccharide is still obscure. If this polysaccharide is the secondary energy source for the cell and can be metabolized when the primary substrate is exhausted, the amount of polysaccharide may reflect the biological activity of the cell.
In Lactobacillus and Streptococcus915) the phenomenonof oxygen uptake, which is caused by NADHoxidase, is considered to reduce the toxic effect of oxygen. The biological significance of the observed oxygen uptake in anaerobic Bifidobacterium is not clarified yet, but it probably plays the same role, to reduce oxygen toxicity. The high endogenous oxygen uptake activity in Bifidobacterium, which is caused by the intracellular polysaccharide, is considered to be effective to diminish the environmental oxygen when a primary substrate is absent. For the elucidation of the biological role of oxygen uptake and polysaccharide accumulation in Bifidobacterium, comprehensive studies concerning the oxygen sensitivity and the enzyme activities relating to the oxygen metabolism are essential.
